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PREFACE

This report describes the program, system, preparations, tests, results, test equipment, and
facilities related specifically to the evaluation of the Russian made TOPAZ-I1 Ya-21U
thermionic space power system and the transfer of thermionic conversion technology to the
United States. The Ya-21U system test was a significant and an integral part of the Thermionic
Systems Evaluation Test (TSET) and TOPAZ International Programs (TIP).

Section 1 provides an overview of the TSET Program and a description of the Ya-21U space
power system.

Section 2 describes Ya-2 lU's Russian heritage; the quality reviews and reports prepared during
the system's first stage of manufacturing; the control and acceptance tests conducted during the
second stage of manufacturing; and thermal vacuum system tests performed in the Baikal test
stand at the Central Design Bureau for Machine Building, St. Petersburg, Russia.

Section 3 describes the Ya-21U test preparations. The test preparations included: (1) Delivery
and inspection, documentation, readiness reviews, and test rig preparations; functional tests and
modal tests: installation in the Baikal test stand thermal vacuum chamber; and preparation of
TISA electrical heaters required for non-nuclear thermal vacuum testing of the system. (2)
Removal of Ya-2 1 U from the thermal vacuum chamber; calibration of mechanical test
accelerometers and installation on Ya-2 1 U's structure and critical components; transportation
and installation at the mechanical test facility; and checkout of the vibration and shock
equipment. (3) Removal from the mechanical test facility and return to the TSET laboratory;
visual inspections, removal of accelerometers, and functional checks. (4) Reinstallation in the
thermal vacuum chamber and checkout of all auxiliary systems prior to the start of final thermal
vacuum performance tests.

Section 4 describes the Ya-2 1 U test operations required to complete the transfer of Russian
space power system technology to the U.S. The test operations included: modal tests of the
structure, thermal vacuum performance tests, mechanical vibration and shock tests, and final
thermal vacuum performance tests. The modal tests included low-level vibration of the Ya-21U
structure to determine response to bending and axial and torsion excitation; determination of
global modal parameters and local modes of the radiator; and collection of data for use in
correlation of a finite element model of the Ya-2 I U structure.

The first thermal vacuum test established an operational baseline for comparison with previous
Russian test results. The baseline tests included pre-startup checkouts, slow heatup and
outgassing of the system, operation at steady-state, optimization of system performance,
experimental tests, NaK system integrity test, rapid startups, system cool-downs, and post-test
function checkout and inspection.
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Several emergency shut downs and electrical shorts occurred and were corrected during the
baseline tests. Post test pressure and leak checks of the cesium system revealed leaks in several
TFEs. Additional thermal vacuum tests were then conducted to determine the effects of the
observed leaks on the thermionic converter performance prior to the planned mechanical
vibration and shock tests.

The mechanical vibration and shock tests were performed to determine the dynamic response of
the Ya-21U's structure and major subassemblies to simulated launch loads and frequencies.
Failure of a cesium vapor vent line and increased leak rates of TFEs were observed during post-
mechanical test inspections.

Final thermal vacuum tests were conducted after the vibration and shock tests for comparison
with previous test results to determine the effects of the increased cesium system and TFE leak
rates on system performance.

Sections 5 presents the experimental tests and methods used, system performance data, and
lessons learned during the modal, thermal vacuum, and mechanical tests of Ya-21U. The
thermal vacuum system tests included optimization of work section voltage and cesium vapor
pressure at different power levels and operating temperatures. Graphical presentations and
evaluations of U.S. and Russian system test data were prepared to support the assessments of
system, subsystem, and component performance.

Section 6 presents comparisons of U.S. and Russian operational data and results obtained during
the first and final thermal vacuum performance; comparisons of U.S. and Russian mechanical
test results; and assessments of the effects of increased TFE leakage. In addition, this section
describes methods used to determine operating conditions and performance of individual TFEs
using Ya-21U system's operational parameters.

Section 7 describes the Baikal test stand and lessons learned during operation of the test facility
and support systems. This includes the vacuum systems, cesium evacuation system, voltage
control and load bank, TISA heaters and electrical controls, main power supply and
uninterruptable power system, test stand instrumentation, data acquisition system, and other
special equipment.
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for many Russian and American working families to know each other and remain as close
friends and neighbors.

"* A recollection that the time and effort contributed by each person would be a significant part
of his or her life.
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Translator
Dell, D. Program Coordination Izhvanov, 0. Thermionic Scientist
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Evans. M. Program Management Klimov, A. Cesium System Specialist
Fairchild, J. Test Engineer & Operator Koreshev, M. Test Engineer & Operator
Feuchter, B Document Control & Luppov, A. System Analyst

Librarian
Follis, H. Operator & Technician Nechaev, U. Data Analysis Specialist
Frisch, C. Operator & Instrument Nikitin, V. Program Management

Technician
Grajeda, V. Computer Programmer Ogloblin, B Program Management
Hadley, A. Administration Assistant Ozernoi, S. Electrical Engineer
Hammill, J. Senior Technician Panov, I Mechanical Assembly

Technician
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Koonmen, J. Test Engineer & Operator Sinkevich, V. Operation Plans &

Coordination
Logothetis, J. Computer Systems Sinyutin, Cesium System Specialist

Engineer
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McCallum, D. Graphics Designer Svischiev, A. Thermal-Hydraulic
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Technician
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A technical report of this size requires information to be provided from many sources by many
individuals with many skills and experiences. Individuals, who were not listed above, also made
many meaningful contributions to this final report. The author apologizes to those for this
unintended omission.

*Note: Dave Luchau, Dima Paramonov, Scott Wold, and Frank Wyant provided drafts of text,

tables, and figures of various sections and contributed significantly to the technical scope and
content of the final report.
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SUMMARY

The objectives of the U.S. Thermionic Systems Evaluation Test (TSET) Program were achieved.

Valid and sufficient information was obtained during thermal vacuum and mechanical testing of
the Russian TOPAZ-I Ya-2 1 U thermionic space nuclear power system to evaluate and transfer
that technology to the U.S.

The TOPAZ-II Ya-2U system represented more than 20 years of Russian space nuclear
thermionic power system technology that was developed during the period from 1969 to 1990.
The abundance of this technology, in the form of previously documented results from
manufacturing records, assembly inspection reports, system acceptance tests, modification
records, repair logs, and high temperature performance evaluations, was provided to the U.S.
prior to and following delivery of TOPAZ-II Ya-21U system, ground support equipment, and the
Baikal test stand to the TSET Laboratory.

After delivery of the Ya-21U system, in May 1992, test facility preparations; equipment
installation and checkout; and system installation, calibration, and acceptance were successfully
completed in a record time of 6 months. The joint efforts, combined skills, and active
participation of Russian and U.S. specialists working side-by-side were essential ingredients for
these achievements.

Ya-21U thermal vacuum system tests performed in the TSET Laboratory demonstrated and
verified previous Russian test results. Ya-21U's response to thermal vacuum tests of more than
8,000 hours of system operation, severe stresses experienced during four very rapid unplanned
cool-downs, and four simulated orbital startups without a single failure of a thermionic converter
demonstrated that the system design is reliable and predictable.

Mechanical vibration and shock tests, performed after 5,000 hours of high temperature operation
also confirmed the technology to be very durable and most robust.

In summary, the TSET Program experience, results, thermionic technology transfer, and lessons
learned were significant achievements and established the baseline for development and
demonstration of future thermionic space nuclear power systems. In addition, the TSET
Program successfully demonstrated how former Cold War adversaries could work together
efficiently, effectively, and economically; that military technology could be adapted to peaceful,
non-military applications; and that meaningful, productive jobs could be provided for Russian
specialists who were previously employed for military purposes.
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